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CorrosionBehaviorofNickelAlloysinWetHydrofluoricAcid
RaúlB.Rebak
LawrenceLivermoreNationalLaboratory
7000EastAve nue,Livermore,CA94550
Hydrofluoricacidisawatersolutionofhydrogenfluoride(HF).Hydrofluoricacidisusedwidely
indiversetypesofindustrialapplications;traditionally,itisusedinpicklingsolutionsinthe
metalindustry,inthefabricat ionofchlorofluorocarboncompounds,asanalkylationagentfor
gasolineandasanetchingagentintheindustryofglass.Inrecentyears,hydrofluoricacidhas
extensivelybeenusedinthemanufactureofsemiconductorsandmicroelectronicsduringthewet
chemicalcleaningofsiliconwafers.Hydrofluoricacidcanbeconsideredareducingacidand
althoughitischemicallyclassifiedasweakerthan,forexample,sulfuricorhydrochloricacids,it
isextremelycorrosive.Thisacidisalsoparticularlytoxic andposesgreaterhealthhazardthan
mostotheracids.Thecorrosionbehaviorofmetalsinhydrofluoricacidhasnotbeenas
systematicstudiedinthelaboratoryasforothercommoninorganicacids.Thisislargelybecause
testsusinghydrofluoricacidcan notberuninstandardequipmentandbecauseofthetoxicnature
ofthisacid.Moreover,short -termweightlosslaboratorycorrosiontestsinhydrofluoricacidcan
befrustratingsincetheresultsarenotashighlyreproducibleasinthecaseofotheracid ssuchas
sulfuricorhydrochloric.Oneofthereasonsisbecausehydrofluoricacidcommonlyattacksthe
couponsusedfortestinginanon -uniformmanner.Thatis,thecorrosivepowerofthisacidis
notaimedtouniformthinningbutmostlytolocalizedp enetrationbelowtheskinofthemetalin
theformofthincracks,voids,pits,trenchesandsometimesintergranularattack.Figure1shows
thecrosssectionofacouponofAlloy600(N06600)exposedfor336htothevaporphaseofa
solutionof20%HFat 93°C.IncaseswhereinternalpenetrationoccurssuchasinFigure1,it
maynotberecommendedtousecorrosionratesbasedonweightlossformaterialselection.
2Thechoicesofengineeringalloystohandlehydrofluoricacidarelimited.Somenon -
metallicmaterialssuchaspolyethylenecanbeused.However,traditionalmaterialssuchasglass
andthereactivemetalssuchastitanium,zirconiumandtantalumarereadilyattackedby
hydrofluoricacid.Hydrofluoricacidwilldissolvemostoxidesandtheref oreanyalloythatmay
relyonapassiveoxidefilmforprotectionagainstcorrosionwillnotperformwellinpresenceof
thisacid.Hydrofluoricacidatconcentrationshigherthan64%canbehandledwithcarbonsteel;
however,atlowerconcentrations,thi sacidattacksthesteelrapidly. 1,2Steelsalsomaysuffer
embrittlementinpresenceofhydrofluoricacid. 2Sincenickelalloysoffermoderatecorrosion
resistanceoverawiderangeofacidconcentrationandtemperature,theyareacommonchoicefor
wethydrofluoricacid. 3-9Forexample,ithasbeenreportedthatinsolutionscontainingmixtures
ofhydrofluoricandnitricacids,ahighchromiumnickelalloysuchasG -30(N06030)performed
well. 4Themostpopulartraditionalmetalusedforhydrofluoric acidistheNi -40%Cualloy400,
(N04400)eventhoughitscorrosionresistanceisgreatlydiminishedbythepresenceofairor
oxidizingsalts. 1-3,5 -9 Anothernickelalloycontainingonly1.6%Cu(N06200)wasalsoshown
toperformwellinhydrofluoric acid. 9Ithasbeenreportedintheliteraturethattheresistanceto
corrosionofengineeringalloysinwetHFservicewasaconsequenceoftheformationof
insolublefluoridesaltsonthesurfaceofthesealloys. 1,2,5
Thetwomostpromisingalloys forhydrofluoricacidapplicationsseemtobeC -2000
(N06200)and400(N04400).Thecorrosionbehaviorofthesetwonickelalloysinhydrofluoric
acidhasbeencharacterizedregardingtheeffectoftemperature,acidconcentrationandtesting
time. 9Table 1(adaptedfromReference9)showsthecorrosionratebyweightlossandthedepth
ofattackbyinternalpenetrationasafunctionofthetemperatureandvaporvs.liquidphaseof
exposureforatestingtimeof240h.Asthetestingtimeincreasedfrom24 hto240h,the
corrosionrateofN06200inthevaporphaseor20%HFbothat79°Cand93°Cmarkedly
decreased,whileintheliquidphasethecorrosionratewasalmostindependentofthetesting
time. 9Ontheotherhand,underthesametestingconditions, thecorrosionrateofN04400inthe
liquidphaseslowlyincreasedasthetestingtimeincreased.Inthevaporphase,thecorrosionrate
ofN04400washigh(100 -400mpy)andindependentofthetestingtime. 9Asitcouldbe
3expected,astheacidconcentrat ionincreasedfrom1%to20%thecorrosionrateofbothN06200
andN04400increased;howevertheeffectwasmorepronouncedforN04400,especiallyinthe
vaporphase. 9BothN06200andN04400hadsimilarcorrosionratesatthelowertemperatures
of38°Ca nd52°C;howeverasthetemperaturewasraisedtohighervalues(e.g.79°Cand93°C)
thecorrosionrateofN04400increasedfasterthanthecorrosionrateofN06200bothinthevapor
andliquidphases(Table1). 9Table1alsoshowsthattheinternalpenet rationinN04400was
highatalltemperaturesinthevaporphase.Ontheotherhand,intheliquidphasetheinternal
penetrationwashigherforN06200,mainlyat79°Cand93°C. 9
Othernickelalloyscontainingjustmolybdenum(suchasN10675)andiron( suchasN06600and
N06030)donotperformaswellasN06200orN04400inthisacid.Chromiumseemstobea
beneficialalloyingelementforvaporphaseapplications. 9Itisapparentthatcopperisthemost
beneficialalloyingelementfornickelalloyswhil eironseemstobedetrimental. 9
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4TABLE1
EffectofTemperatureontheCorrosionBehaviorofUnstressedcoupons.
Alloys400andC -2000exp osedin20%HFfor240h.(FromReference9)
Alloy T
(°C)
Exp. Average
Corrosion
Rateby
WeightLoss
inmpy
(mm/year)
Rolledface
Internal
Penetrationin
mils(µm).
Observationsinthecorrodedcoupons
400 38 L 10.5(0.27) 0.5(13) Uniformcorrosi on,(A)
400 38 V 45.15(1.15) 9.5(241) IGA.Cracksattheperforatedholeandedges.
400 52 L 18.05(0.46) 0.5(13) Uniformcorrosion,(A)GBetching
400 52 V 130.5(3.31) 24.5(622) SevereIGA,Somecracksfromedges
400 66 L 8.5(0.22) 0.5(13) Uniformcorrosion,(A)
400 66 V 69.45(1.76) 7.5(191) IGA.Cracksalongdrilledhole.
400 79 L 43.35(1.10) 1(25) Unevencorrosion,GBetching.
400 79 V 299(7.59) 14(356) DeepIGA
400 93 L 80.95(2.06) 1(25) Unevencorrosion.GBetching
400 93 V 483.5(12.3) 14.5(368) DeepIGAandunevencorrosion.
C-2000 38 L 8.3(0.21) 0.5(13) Uniformcorrosion,(A)
C-2000 38 V 7.55(0.19) 9.5(241) Uniformcorrosion,(A),TraceofCuonsurface.
C-2000 52 L 18.8(0.48) 0.5(13) Uniformcorrosi on,(A),Cuonsurface.
C-2000 52 V 14.35(0.36) 0.5(13) Uniformcorrosion,(A)
C-2000 66 L 33.5(0.85) 1.5(38) Unevengeneralcorrosion,Smalldealloyed
layer.SampleplatedwithCuandprobablyNi.
C-2000 66 V 33.45(0.85) 0.5(13) Minimalcorrosio n.SampleplatedwithNiand
tracesofCu
C-2000 79 L 26.25(0.67) 4(102) Thinlace -likepenetration.LightCucolor.
C-2000 79 V 36.1(0.92) 1.5(38) Shallowisolatedlace -likepenetration
C-2000 93 L 29.25(0.74) 8.5(216) Thinlace -likepenetrati on
C-2000 93 V 27.3(0.69) 2.5(64) Isolatedlace -likepenetration,Greencorrosion
products.
(A)=RoughnessReportedasInternalPenetration,IGA=IntergranularAttack,GB=Grain
Boundary,
5FIGURE1:SpecimenofAlloy600(N0660 0)exposedfor336htothevaporphaseof20%HF
solutionat93°C.MagnificationX100.
